In developed countries, obesity is the most frequent nutritional disorder, and overweight and obesity prevalences have increased whilst physical activity and breakfast consumption have declined. There is growing scientific interest in the possible role of breakfast in weight control and in factors such as appetite control, dietary quality and reduced risk for chronic diseases. The current article reviews the literature and discusses how the breakfast 'environment' and the composition of breakfast meals might be improved, particularly in children, so as to maintain the breakfast eating habit throughout life. Recommendations are proposed to encourage children to keep eating breakfast and the nutritional composition of the 'American breakfast' and two types of Mediterranean 'cereal breakfasts' are compared. We also propose a new breakfast type for children and adolescents that is based on chocolate hazelnut spread within a mixed breakfast type in order to reinforce positive experiences.
Introduction
In developed countries, obesity is the most frequent nutritional disorder and the prevalence of overweight and obesity has increased in recent decades. 1 Although both genetic and environmental factors determine the risk of being overweight in a predisposed subject, the latter (including energy and food intake, psychosocial aspects, eating and physical activity) have the greatest influence on the increased obesity prevalence. 2, 3 During these decades of rising obesity prevalence, physical activity among children and adolescents has declined, whilst time spent in sedentary activities, such as watching television and playing computer games, has increased. 1 Furthermore, in nationally representative samples of children and adolescents in the USA, breakfast consumption declined from 1965 to 1991, 4 which is a concern since eating breakfast is associated with higher overall diet quality. 5 Indeed, daily meal frequency has been shown to be inversely associated with the prevalence of being overweight. 6 Obese children consume less energy at breakfast, miss breakfast more frequently and eat a higher percentage of energy at dinner. 2 As the frequency of eating breakfast has declined over the past several decades, the obesity epidemic has unfolded, so there is growing scientific interest in the possible causal role of breakfast in weight control and related disease risks. 7 One intriguing line of research that may have broad public health application in terms of weight control and obesity, and also in driving important factors such as appetite control, dietary quality and chronic disease risk, is the breakfast meal and the frequency with which it is eaten.
Another possible risk factor for overweight development is eating alone without parents. It has been observed that the family breakfast is associated with a regular intake in the morning while the frequency of eating a family dinner is inversely related to the consumption of fried foods and soda drinks. 8 For a number of behavioural and physiological reasons the breakfast meal may, therefore, be of unique importance.
Breakfast may be defined as the first meal of the day, eaten before or at the start of daily activities, within 2 h of waking, typically no later than 10:00 a.m. and of a calorie level between 20% and 35% of total daily energy needs. 7
Is breakfast linked to the prevention of obesity?
Cross-sectional studies have consistently reported positive associations between measures of adiposity in children and skipping breakfast. 9, 10 Although it might be argued that overweight and obese children might avoid having breakfast, it is more plausible to sustain the hypothesis that missing breakfast is associated with overweight and obesity. For example, a prospective, longitudinal study analysed whether, as implied by cross-sectional studies, skipping breakfast in a cohort of 414 000 boys and girls, 9 -14 years old, may result in excessive body weight increases over time. 11 Like previous studies, they found that skipping breakfast was associated with being overweight. Indeed, children who never ate breakfast were heavier (26.4% of boy nevereaters and 25.3% of girl never-eaters were overweight) than those who ate breakfast nearly every day (21.2% of boys and 15.8% of girls overweight). After 1 year, normal weight children who never ate breakfast gained weight relative to peers who ate breakfast nearly every day. Moreover, breakfast frequency was positively correlated with self-reported quality of schoolwork. 11 In a more recent study, breakfast consumption, body mass index (BMI) and nutritional behaviour were investigated in a sample of 3275 children aged 5 -14 years. 12 Skipping breakfast was associated with a higher BMI and children who missed breakfast were significantly less likely to meet recommendations for fruit and vegetable consumption and more likely to be frequent consumers of unhealthy snack foods. This study, therefore, suggested that efforts to increase breakfast consumption should be prioritized for children since this may limit the amount of unhealthy snack foods that children consume later in the day.
A 10-year longitudinal observational study demonstrated that meal frequency was inversely related to BMI for black and white girls between the ages of 9 and 19 years. 13 Previous studies have shown the importance of consuming breakfast in relation to BMI 9 -12 and it now appears that eating at least three meals over the course of the day may also be helpful in preventing overweight 13 and, perhaps, should be incorporated into guidelines aimed to prevent childhood obesity.
Numerous observational studies have examined the associations between meal frequency and the risk of obesity and chronic disease in adults. 14 -16 These observational epidemiological studies provide good support for an inverse relationship between breakfast frequency and relative body weight and obesity risk. The composition of the breakfast meal has also been examined in relation to body weight in cross-sectional studies of adults. 17 -19 In particular, the consumption of breakfast cereals and associated foods and food components (fruits, whole grain, and fibre) has been associated with a lower BMI. 14 -19 Together, these studies suggest that both the consumption and composition of breakfast may play a role in weight control and risk of chronic disease. 14 -19 Overall, the regular consumption of breakfast and, in particular, food items such as whole grains breakfast cereals and fruits, may be protective against the onset of cardiovascular disorders and related mortality. 20 Four randomized trials on breakfast habits, body weight, or chronic disease risk factors have been conducted in adults to date. 21 -24 These small, short-term (14 days to 12 weeks) randomized trials of breakfast behaviour provided mixed results: (i) improvements in weight for those that skipped breakfast at baseline; (ii) major body weight loss (fat-free mass) with greater energy intake in the morning hours (70% of daily energy intake with breakfast and lunch); (iii) reduced saturated fat intake with breakfast; and (iv) a better blood lipid and insulin profile during breakfast intervention. Only more definitive, larger, longer randomized, controlled trials will provide clear answers to the important public health questions in terms of the link between dietary behaviour, dietary composition, and risk of obesity and related chronic diseases.
Breakfast: biological plausibility?
There are a number of behavioural and biological mechanisms whereby breakfast skipping may lead to an up-regulation of appetite, possibly leading to weight gain over time and deleterious changes in risk factors for diabetes and cardiovascular disease. Moreover, breakfast skipping has been linked to poorer overall dietary quality.
APPETITE CONTROL
Clinical studies in humans have consistently found that increased meal frequency induces changes in metabolism that may improve risk factors for chronic disease 25, 26 and reduce appetite and energy intake. 27, 28 These studies have documented that these metabolic modifications could be explained by factors mainly related to breakfast composition (high-carbohydrate, fibre-rich foods), as follows: (i) fibre-rich breakfast foods blunt postprandial glycaemic and insulinaemic responses, improving insulin sensitivity; (ii) complex carbohydrates may affect the release/activity of gut hormones that may act as satiety factors; and (iii) the fermentation of fibre (short-chain fatty acid production) may exert satiety-related effects.
Many reports have suggested that a low glycaemic index (GI) diet may play a role in the management of obesity through its ability to increase the satiety value of food and modulate appetite. 2, 29, 30 A study in preadolescent children, both normal and overweight, investigated the effect of three test breakfasts (low-GI, low-GI with 10% added sucrose and high-GI) on ad libitum lunch intake, appetite and satiety, and compared these with baseline values when their habitual breakfast was consumed. 31 The type of breakfast eaten had a statistically significant effect on mean energy intake at lunchtime: lunch intake was about 100 -150 kcal lower after low-GI and low-GI with added sucrose breakfasts compared with lunch intake after high-GI and habitual breakfasts (which were high-GI). 31 These results suggest that low-GI foods eaten at breakfast have a significant impact on food intake at lunch. 31 As Wolever et al. 32 reported, GI is a significant determinant of the glycaemic response to composite breakfast meals. Indeed, for mixed meals containing 0 -18 g fat, 0 -18 g protein, 220 -450 kcal, and 16 -79 g available carbohydrate, carbohydrate content and meal GI together explain more or less 90% of the variation in the mean glycaemic response, with the effects of protein and fat being negligible.
A recent randomized crossover study investigated the effects of long-term intervention of low-GI versus high-GI breakfasts on energy and macronutrient intakes in children aged 8 -11 years. 33 Preadolescent children were assigned to one of two groups and were given low-GI or high-GI breakfasts on two non-consecutive days per week for 10 weeks per breakfast type. Each breakfast provided approximately 1273 kJ (300 kcal) and was closely matched for macronutrient and dietary fibre content. There was a tendency towards a reduced energy intake at lunch following the low-GI breakfast compared with the high-GI breakfast, although the mean difference of 75 kJ (18 kcal) was not significant. In addition, data from the 3-day food diaries showed that there was a tendency towards a reduced daily energy intake during the low-GI compared with the high-GI study period. In conclusion, although the difference in energy intake following the low-GI and high-GI breakfasts was not statistically significant, the data provided from this study are encouraging.
In summary, physiological changes observed with increased meal frequency and regular breakfast consumption can lead to increased satiety and reduced energy intake. Individuals who consume breakfast regularly may, therefore, be at reduced risk for chronic diseases, particularly if the breakfast meal includes whole grain products. 34, 35 
OVERALL DIETARY BALANCE
Another important general pathway through which regular breakfast consumption may reduce the risk of chronic diseases is its potential impact on the composition of the overall diet. Numerous observational studies have observed that regular breakfast eaters have higher dietary quality (increased intake of fibre, calcium, vitamins A and C, riboflavin, zinc, iron, and decreased intake of calories, fat and cholesterol) relative to breakfast skippers. 23, 36 Overall, these studies document that regular breakfast consumption is associated with improved diet quality and better food choices throughout the day. Indeed, different studies observed that breakfast consumption is associated with a reduction in fasting total and low-density lipoprotein (LDL) cholesterol, oxidized LDL and serum triglyceride concentrations. 25, 26 It has been postulated that reduced day-long serum insulin concentration, observed with a regular meal pattern, may decrease hepatic cholesterol production through the inhibition of 3-hydroxy-3-methyl-glutaryl-CoA reductase. 25, 26 A second mechanism more directly related to glucose metabolism suggests that economy of insulin secretion at one meal may improve insulin sensitivity and glucose tolerance at a subsequent meal. 37, 38 Clinical studies documenting the absorption characteristics of foods indicate for the most part that slow absorption and digestion of starch at one meal (i.e. breakfast) may improve carbohydrate tolerance at the following meal. 37, 38 Lastly, whole grain intake, frequently consumed at the breakfast meal, has been found to be significantly associated with improved insulin sensitivity in epidemiological studies. 34, 35 Together, findings from both clinical and observational studies suggest that dietary patterns characterized from a regular breakfast intake, including whole grains, are associated with improved glycaemia, insulinaemia and lipidaemia. 25, 26, 34, 35, 37, 38 In conclusion, breakfast eating may prevent obesity and related chronic conditions through a number of behavioural and biological mechanisms.
Breakfast: beyond prevention -improved school performance
For children, breakfast consumption has been associated with improved learning and school performance. 39 -41 The importance of breakfast for academic achievement is reflected in the effects of breakfast on cognitive performance. 42 Research suggests that skipping breakfast detrimentally affects problem solving, short-term memory, attention and episodic memory in children. 41, 43, 44 A study by Mahoney et al. 45 examined the relationship between breakfast composition and cognitive performance in elementary school children. Using a within-participant design, children consumed, once a week for 3 weeks, one of two types of breakfast (low-GI and high-GI, which were similar in energy, but differed in macronutrient composition) or no breakfast. The results showed that breakfast intake enhanced cognitive performance, particularly on tasks requiring processing of a complex visual display and suggested that performance on most measures was enhanced by breakfast consumption. The study also indicated that the composition of the breakfast influenced the children's cognitive performance on some measures, particularly spatial memory, short-term memory and auditory attention. Although the exact reason for these effects is not fully understood, likely mechanisms include glucose uptake in the brain, which depends on the rate at which each breakfast was metabolized. A higher fibre-lower GI breakfast will maintain a more sustained release of glucose into the bloodstream and to the brain compared with the sharper rise and fall in blood glucose associated with the high-GI breakfast. 46 Another recent study considered the effect of the size of breakfast and a mid-morning snack on children's ability to attend to school work. 47 Nine-year-old children were studied for 4 days and those who had eaten a breakfast of < 150 kcal and consumed no mid-morning snack were significantly more likely to be distracted than those who had eaten more. In those who had consumed the smallest breakfasts, consumption of a midmorning snack resulted in less time spent being distracted; 47 therefore, the adverse effect of a small breakfast was reversed by the consumption of a mid-morning snack. A problem with snacks is that, in many cases, they are high in fat, so effort will be needed to establish suitable snacks that satisfy criteria from both a psychological and medical perspective. These results have important practical implications, considering that breakfast consumption and breakfast type affected the cognitive performance of school children.
Children and adolescents: trend to skip breakfast with age
Breakfast consumption in the past 25 years has declined for children and adolescents in the USA, with a greater decline for adolescents than for any other age group. 48 Indeed, descriptive results indicate a decline in breakfast consumption between 1965 and 1991, particularly for older adolescents aged 15 -18 years; the rates for boys and girls declined from 89.7% and 84.4%, respectively, in 1965 to 74.9% and 64.7%, respectively, in 1991. 48 In France, three successive surveys (1993, 1995, 1997) were carried out in samples of 1000 children aged 9 -11 years. 49 They found that, although breakfast was eaten by 97% of children, over the three surveys the reported breakfasts contained only one dairy food, or one cereal food, or one fruit or juice. 49 Italian data showed a similar trend, with 10% of children aged 6 -11 years usually skipping breakfast, and 45% having unbalanced and inadequate breakfast meals. 50 Moreover, the type of food consumed during breakfast was of concern. 50 For example, milk with coffee was the preferred breakfast for adolescents, sometimes consumed with biscuits, but other foods (such as jam and yogurt) were rarely consumed. 50
How can we reinforce good breakfast habits?
Few food and flavour preferences are innate; most are learned via experience with food and eating, and involve associative conditioning of food cues to aspects of the child's eating environment, especially the social contexts and physiological consequences of eating. 51 Parents' childfeeding practices are central in this early feeding environment and affect children's food preferences and their regulation of energy intake. 51 The physiological All the family should eat breakfast together 'Good example' set by parents Palatable and pleasant foods Healthy foods -balanced in both micronutrients and macronutrients Balanced daily intake of 20 -35% of daily calorie intake Inclusive of choices from the following three food groups (1 + 2 + 3): 1. Milk and milk-derived products (low fat) 2. Cereals (preferably whole grain, unrefined) 3. Fruit (fresh fruit or natural juices; no sugar) Fig. 3 shows the nutritional composition of a new breakfast type that we propose, which is based on chocolate hazelnut spread within a mixed breakfast type in order to reinforce positive experiences. The amount of breakfast to be consumed would depend on the age of the child.
Conclusion
Genetics, lifestyle and dietary factors may contribute differently to the obesity epidemic; 2 therefore, dietary interventions may only partially modify the 'natural history' of obesity. Within this context, however, the impact of regular breakfast consumption on public health may be significant. Efforts should be aimed at caring for the breakfast 'environment' and the composition of breakfast meals in order to reinforce children's positive experiences, and to encourage this positive habit throughout life.
